Horizontal pursuit eye movements were investigated in two separate groups of children: One group exhibited developmental co-ordination disorder (n=8) whilst another group of children were born prematurely (n= 8). Both studies found a reduced gain in pursuit eye movements when the respective populations were compared with control groups (n= 32). A difference was also found in the ability of some children to temporally synchronize their tracking response to the stimulus, which was indicative of poor predictive control rather than lags in the control system. We suggest that horizontal eye movements may be a sensitive indicator of more general motor deficits during childhood development.
Introduction
Eye movements serve a useful role in identifying dysfunction in a wide range of neurological conditions. Pursuit movements are necessary to maintain smooth fixation of a moving target and provide a useful tool for the exploration of neural function. Although pursuit eye movements are widely used as a diagnostic tool in adult patients, they have rarely been used as a diagnostic tool for young children. A number of studies have now successfully recorded pursuit eye movements in young (5-12 year old) children [1 -3] although disagreement exists over the status of pursuit movements in this age group. Despite the disagreement between the studies, the fact that records were obtained raises hope that these measurements might aid in diagnosis of childhood disorders.
Kowler and Martins [1] reported on the eye movements of children aged 4 and 5 years and concluded that pursuit eye movements have reached adult status by this age, although these findings have been questioned [4] . Ross et al. [2] studied pursuit performance in 53 children aged between 7 and 15 years. It was found that slow tracking (6°/sec) was carried out at an adult level by participants down to the age of 7 years but significant differences were found between the children and adults with a fast (12°/sec) tracking task. Accardo et al. [3] examined horizontal pursuit in ten children aged between 7 and 12 years. Accardo et al. concurred with [2] that children had problems when tracking a fast moving target but, in contrast, reported a significantly lower velocity gain in children when tracking a slow moving target. The authors attributed the finding to incomplete maturation of the pursuit system and/or high level psychological or cognitive factors. The discrepancies between the studies may be explained through the different techniques used to provide a measure of pursuit performance. In Accardo et al.'s study the velocity and position gains and phases were calculated from the tracking of a sinusoidal moving target. The velocity gain was estimated by fitting half cycles of the eye velocity trace with a trigonometric curve. In the study conducted by Ross et al., however, the analysis of a target moving at continuous velocity (ramp) consisted of calculation of gain and also the frequency of saccades, saccade amplitude per second (APS) and, for pursuit, mean advancement in eye position per second (also called APS). The method for calculating smooth pursuit gain was not explained with stress placed on APS measures as the authors suggested that these were more descriptive of the ability to carry out smooth pursuit. More recently, von Hofsten and Rosander [5] have demonstrated that smooth pursuit of predictable targets (0.1-0.3 Hz sinusoidal motion) develops rapidly in the first 3 months postnatally. They observed velocity gains for gaze pursuit of 0.47 -0.75 at 4 weeks of age and 0.6 -0.88 at 12 weeks of age. The pursuit motion was predominantly carried out by the infants' eyes, with an unconstrained head motion exhibiting a response gain 0.1 -0.2. These data demonstrate that tracking skill develops early in the child's development and then subsequently there is the need for some refinement to bridge between a response gain of 0.7 and perfect tracking in the adult.
The aim of the present study was to investigate pursuit movements in a group of children aged between 5 and 7 years of age. The reason for carrying out the study was to explore whether eye movements could differentiate between a control group of children and a group of children with developmental co-ordination disorder (DCD). DCD occurs in a proportion ( 5%) of children who exhibit impaired body/eye co-ordination and show poor acquisition of motor skills [24] . Such children display subtle problems in the acquisition of motor skills, although no overt signs of neurological damage appear to be present. Relatively little is understood about the specific deficits associated with this condition or its aetiology.
The current study was also undertaken to determine whether pursuit eye movements could serve as a sensitive indicator of motor skill in a population of children born prematurely. Eye movements are unlikely to supersede standard clinical tests of motor performance (the Movement Assessment Battery for Children (Movement ABC)) but may aid in sub-grouping heterogeneous populations of children with movement problems. Eye movements may also act as a 'window' to more general control processes and aid our understanding of underlying deficit. Although the majority ( 90%) of children born prematurely escape major neurodevelopmental handicap and reach mainstream education [6] , a number of investigators have found that school performance is impaired in children born prematurely. Even premature children with normal intellectual abilities are more likely to need special educational provision [7, 8] . It has been established that a higher number of children born prematurely meet the diagnostic criteria of DCD than children born at term [9, 10, 25] , [11] . Moreover, it has been reported that motor problems are a reliable indicator of low educational achievement in later years [12, 10] . We therefore explored whether pursuit eye movements might serve as a biological marker of motor problems in children born prematurely.
Our appraisal focused on four primary aspects of pursuit eye-movements. The velocity-gain and phase (lag) of the pursuit response was estimated using frequency domain (FFT) analyses. The FFT procedures provide an estimate of the pursuit response across the whole of a trial at the specific stimulus frequency: it is not contaminated by higher frequency eye-movements. A child may, however, exhibit a low gain at the stimulus frequency due to an inability to track the target or due to the adoption of a strategy where they use larger saccadic shifts to follow the target. It is also possible that a child may use a series of small catch-up saccades to follow the target causing the underlying response to mimic smooth pursuit at the stimulus frequency resulting in a relatively high gain estimate. In order to supplement the FFT procedures we therefore also estimated the number of saccadic shifts at amplitudes of; 0-0.5°; 0.5-3.0°; \ 3.0°. Finally, the smoothness of a tracking response is a function of the proportion of movement that occurs at the stimulus frequency and the proportion of movements that lie above that frequency. A direct estimate of pursuit smoothness was made from the power spectra density (PSD). These combined estimates have the potential to provide a comprehensive picture of a child's response in terms of (1) their ability to synchronise pursuit at the stimulus frequency; (2) the smoothness of their response; (3) the presence of high frequency movements in their tracking.
Methods

Participants in the de6elopmental co-ordination disorder study
Teachers from five Scottish schools identified any child aged between 5 and 7 years of age whom they felt suffered from motor impairment. Approximately 500 children were involved in the study and the teachers identified 32 as having problems. The diagnosis of DCD was based on the standardised Movement ABC [13] . The Movement ABC provides two instruments for diagnosis: a performance section and a motor competence checklist. The performance section requires a child to carry out a battery of standardised motor tasks that explore four areas of functioning: manual dexterity, static balance, dynamic balance and ball skill. On completion of the tests, the child's total score (the sum of all four sections) is compared with the normalised scores that are provided for the relevant age group. If the child falls into the bottom fifth percentile for the population then he or she is classified as having DCD. Selection of the relevant normalised percentiles was Table 1 Participating premature children and their corrected age (corrected age = postnatal age−(40−gestational age)), gestational age at birth, birth weight and results from the movement ABC test based on a large study of 1234 children from Canada and the UK.
The checklist component of the Movement ABC is designed to allow teachers to identify children with DCD by observing the children carrying out normal activities within the classroom (the checklist has a high correlation with the performance section of the Movement ABC). The checklist consists of four sections with each section involving specific tasks depending upon whether the child, environment or both are stationary or moving. Section one has tasks where both the child and the environment are still (cutting out a shape), section two involves tasks where the child is moving and the environment is stationary (running to pick up an object), section three uses tasks where the child is stationary and the environment is moving (catching an approaching ball) and section four has tasks where both the child and the environment are moving (running to kick a moving ball). The checklist can function as a diagnostic tool by comparing the total checklist score (the sum of all the sections) against the score of a normalised population and using the bottom fifth percentile to indicate motor impairment. Not only has the checklist proved to be a reliable indicator of DCD, but Sugden and Sugden [14] have argued that the checklist also allows for the identification of different sub-groups within the DCD population. It was found that approximately one quarter of the children who presented with DCD displayed problems across all four checklist sections (the child found the tasks from all the sections equally difficult). This group comprises those children with the greatest degree of impairment and the current study was concerned with this sub-group.
The checklist was filled out by the teacher and the performance test was carried out in the school gymnasium. Of the 32 children identified by the teachers, 29 had total impairment scores below the fifth percentile indicating a definite motor problem [13] . The three other children passed the performance section of the Movement ABC (were above the fifteenth percentile). It appeared that these children had educational difficulties, but the results from the Movement ABC suggested that their problems were not in the motor domain. The percentage of children identified for the study (5.8%) is in line with current estimates for the incidence of DCD [13] . The motor competence checklist was used to classify the 29 children with DCD into the specific sub-groups described by Henderson and Sugden [13] . From this population of 29 children, eight children performed equally poorly on all four checklist sections (all section scores fell within one standard deviation of the total score). Within this sub-group, five children had strabismus.
A control group was selected from children attending the same class at school. Teachers were asked to exclude children whom they felt had any movement skill problems but not all of these children were assessed with the Movement ABC. Eight children were selected for each of three age groups; 5, 6 and 7 years. Two children with strabismus were included in each control group. A total of 32 children therefore participated in this part of the study.
Adult control group
Adult participants were eight unpaid volunteer undergraduate students from the Vision Sciences department of Glasgow Caledonian University. None of the adults were given a full eye examination but vision/visual acuity was checked in both eyes and all reported good visual and general health.
Participants in the prematurity study
Children born prematurely were recruited for a previous study by searching through the records of a local hospital [15] . The eye movements of a total of 16 children were recorded in this study. Eight children born prematurely (corrected age 5.59 0.2 years) constituted the research population and eight children born at full term were age matched from the pool of children born at the same hospital to act as controls (age 5.79 0.1 years). Corrected age in weeks was calculated by subtracting the number of weeks the child was premature from the postnatal age: Corrected age= postnatal age−(40−gestational age). The premature children were born 27 -33 weeks postgestation. The mean birthweight was 1.61 9 0.54 kg ( Table 1 ). All of the children had undergone an ophthalmic and neurological examination and any child with clinically recognisable pathology was excluded from the study. Two of the children born prematurely fell below the fifteenth percentile (sixth and ninth percentiles respectively) on the Movement ABC. Falling below the fifteenth percentile on the ABC results in a 'borderline' diagnosis of DCD [13] . Informed consent was received from all participants and/or their guardians prior to their participation in the studies.
Recording technique
Horizontal eye position was monitored for both eyes by comparing diffuse infra-red light from the nasal and temporal limbi. The eye movement sensor's two output channels had bandwidths of 180 Hz. The channels were not low pass filtered and eye movement data were digitised at 100 Hz and stored in computer memory. Noise in the system was equivalent to :0.5 min of arc.
The eye movement sensors were mounted in a trial frame that could be adjusted to fit the participant comfortably and be aligned in the vertical and horizontal planes relative to the pupil centre. Full aperture trial lenses were used to correct ametropia where necessary. In the DCD study participants fixated monocularly, although recordings were taken from both eyes. The right eye was used to fixate the target where participants had full binocular vision, but in children with strabismus the non-strabismic eye was always used. None of the participants in the prematurity study had strabismus or needed a spectacle correction to see the target, and both eyes were recorded although only the traces from the right eye were analysed. Participants were seated 1.5 m from the target and were provided with a chin and forehead rest but, in order to make the procedure less intimidating, a bite board was not used. Participants were requested to hold their heads as steady as possible and an examiner also held the head to assist stability. All participants were requested to 'keep looking at the dot of light'. Rather than tell participants to avoid blinking during the experiments, active encouragement was given to blink rigorously before recording began. A saccadic calibration routine was carried out for every observer immediately preceding each trial.
The eye movement recording took place in the clinic of the Vision Sciences department at Glasgow Caledonian University. All of the children had recently undergone an ophthalmic examination. None of the participants had ever previously had their eye movements recorded, so that any training effects were minimised and a fair comparison of performance was made. A dot of light generated from a slide projector and mirror galvanometer system was used as a target. The slide projector, containing a black slide with a central pinhole, was focused on the mirror which could be made to oscillate at a selected frequency in the vertical axis. The mirror galvanometer was set up to produce a spot of light that had a diameter of 15 min of arc and a luminance of 10 cd/m 2 . The target was presented on a uniform beige background with an illumination of :0.1 cd/m 2 . The stimulus followed a sinusoidal trajectory with an amplitude of 12°at 0.3 Hz for 30 s. It has been demonstrated that this speed produces maximal performance in adults [16] . A predictable sine wave was used as a stimulus to further enhance pursuit performance. Testing time was 15-30 min depending on the child's abilities. Two records of 30 s duration (nine cycles at 0.3 Hz) were obtained in a single session. The majority of the children in the prematurity study were only assessed in one session whereas the children in the DCD study participated in two sessions or more if this was required for cooperation. The records were immediately examined and repeated if of poor quality. Verbal encouragement to look at the target was given throughout the whole testing regime.
Data analysis
Gain and phase
Quantification of the pursuit movements was made by examining the velocity gain (ratio of pursuit to target movement). Pursuit traces were analysed in the frequency domain using MATLAB software libraries. Complete 30 s (nine cycles) records were inspected and the record was truncated only if the child clearly had not started tracking at the time of recording or if he/she stopped tracking before the completion of nine cycles. This only occurred for a few children and the mean number of cycles that were passed into the frequency domain were 8.88 ( 9 0.35) cycles for the controls, 8.63 (9 0.58) for the premature children and 8.72 (9 0.45) for the DCD group. The minimum number of cycles used for any child was seven and a half. Fourier transforms of the input and output functions can be used to directly estimate the transfer function between an input (visual target motion) and output or resultant behaviour observed (eye movement), given the assumption that the impulse response function describes a linear system [17] . The frequency response function has two parts, the gain which provides an estimate of the amplitude or energy transfer and a relative phase. Velocity gain and relative phase at the driving frequency (0.3 Hz) was established and phase (radians) was then used to estimate response lag/lead in milliseconds.
If the child makes occasional saccades off-target this may bias analysis in the time domain, but if the saccade frequency is above 0.3 Hz, then saccades will not affect the frequency domain estimate of the child's general ability to track the target. A frequency domain approach therefore avoids the bias introduced with a curve fitting procedure in the time domain where the response signal is contaminated by frequencies outside of the stimulus frequency (these cannot be assumed to be randomly distributed) (Figs. 1 and 2 ).
Saccadic components
To estimate higher frequency shifts in the response signal, the frequency domain signal was low-pass filtered at 40 Hz and transformed back to a time series. The eye velocity was used to identify movements that exceeded 24°/s for the 0.3 Hz stimulus task and the amplitude trace was used to split these into jumps that were 0-0.5°; 0.5 -3.0°and \ 3°. The velocity criterion was chosen because it is approximately twice the peak stimulus velocity at 0.3 Hz (11.3°/s). It is debatable whether these components are true saccades but the velocity of the shifts is well above that required by the pursuit task. The amplitude criteria Fig. 2 . Pursuit performance by a 7 year old control child (upper) and by a 7 year old child with DCD (middle). The control child tracks the stimulus (dotted line) well but exhibits some jumps in the pursuit performance. The child with DCD attempts to track the stimulus (dotted line) but fails to match the velocity, invariably falls behind the stimulus and has difficulty catching the target with a saccadic adjustment. The lower graph displays FFT estimates for the child with DCD. The gain and phase is calculated at the stimulus frequency although higher frequency components can be estimated and affect the PSD ratio (see text). The estimated gain for the control child was 0.82 and for the DCD child it was 0.37.
were chosen to separate small saccadic-pursuit components from catch-up saccades (0.5-3.0°) and also from large gaze shifts (\ 3.0°). The latter may include blinks and shifts of attention away from the target and no attempt was made to further split these categories. The derivative of the response-stimulus gap, however, was used to distinguish eye-movements away from the stimulus target (positive derivative) and movements back toward the target (negative derivative).
Power
The power spectral density (PSD) was estimated in the frequency domain and a ratio was calculated of the PSD of the response at 0.3 Hz with the PSD at all frequencies above 0.3 Hz (up to 40 Hz). This provided an estimate of the proportion of the response energy at the stimulus frequency (as opposed to higher frequency shifts). This technique has been proposed as a general estimate of response smoothness [18] .
Statistical analysis
All the data apart from the phase lag had approximately normal distributions in the study on children born prematurely (skewness, 0.03; kurtosis, − 0.65). Intergroup comparisons were therefore carried out using two-tailed t-tests for unpaired observations. In the DCD study, gain, power and lag distributions were skewed and the non-parametric Mann-Whitney U test was used for intergroup comparison. The other DCD data sets showed normal distributions and comparisons were made by two-tailed t-test and one factor ANOVA, with Scheffe F-test posthoc comparisons. gain between the 5, 6 or 7 year old control children so these data were considered together when making intergroup comparisons. The adults were found to have a gain of 1.01 (S.D. = 0.058) which did not differ significantly from the control children who had a mean gain of 0.97 (S.D.= 0.12). The children with DCD were found to have a mean gain of 0.54 (S.D. = 0.22) which was significantly different from the controls as a whole (U=7, PB 0.01). Significant differences were also found between the group of children with DCD and all of the groups of control children (the youngest control children aged 5 years had a significantly higher gain than the DCD group: F(3, 28)= 10.636, PB 0.01). Each child with DCD is plotted in the respective age group. It can be seen that none of the children with DCD have a pursuit gain which matches the 95% confidence interval of the control group.
Results
Pursuit gain in de6elopmental co-ordination disorder
Phase lag in de6elopmental co-ordination disorder
The phase data may be considered as either a signed lag or an unsigned lag. The signed lag has the potential to highlight any processing delays and also indicates the degree to which the child is anticipating the target motion: A lag of 200 ms would be indicative of a feedback based control strategy, whereas a lag of −30 ms (lead) would indicate the use of a predictive estimate of target motion. The unsigned lag provides a general measure of synchronisation with the stimulus. Although the signed lag across trials/participants may be only 10 ms, this may arise from averaging across − 130 and +150 ms, in which case the unsigned lag would indicate a poorer synchrony estimate of 140 ms. Both the signed and unsigned lags were calculated for the group of control children (of all ages) and the children with DCD. The mean signed lag for both groups was actually a lead of 8 ms (S.D.=141 ms) for the DCD children and 3 ms (S.D.= 52 ms) for the controls. This minor difference was not significant. Within the DCD group only two children exhibited a response lag, of 134 and 262 ms respectively while the responses of the other children were temporally ahead of the stimulus. Fig. 4 shows the unsigned lags which approached significance at 108 ms (S.D.= 78 ms) for the DCD group and 38 ms (S.D. = 35 ms) for the controls; (U = 42; P B 0.1). When the children with DCD were compared with the three age groups of control children, the two highest age control groups (the 6 and 7 year old children) showed a significantly smaller unsigned lag (F(3, 28) =3.209 and F(3, 28) = 2.971, P B 0.05 for the two age groups respectively) when compared with the children with DCD. When children with DCD were compared with the youngest age group the difference was not significant (F(3, 28) =1.792, P \ 0.01).
Pursuit gain in prematurity
The results showed that the children born prematurely had a significantly lower gain (0.81, S.D. = 0.13) than their age-matched controls (1.03, S.D.= 0.14); t(14)= −3.26, P B0.001. In Fig. 5 , performance for the control group (who were different children from the previous control group) is plotted with a 95% confidence interval bar. The premature children are plotted individually. Linear regressions of gain against both birthweight and gestational age were carried out for the premature children, but neither were significant (slope=0.089, r 2 = 0.134 and slope= 0.004, r 2 = 0.005, respectively). The mean signed phase lag was 86 ms for the premature children and 50 ms for the controls but this variation was not significantly different. In contrast to the DCD group, only two of the premature children produced a response lead, the responses of the other six children were temporally behind the target by 65-377 ms. The mean unsigned phase lag was 119 ms, (S.D. = 90 ms) for the premature born children and 50 ms (S.D.= 28 ms) for the controls; U=6; PB 0.01. Fig. 6 presents the unsigned lags of both groups. Table 2 presents the incidence of high velocity (saccadic) movements in the children's pursuit response along with the PSD estimate of pursuit smoothness. There were no significant differences between the premature group and their controls on any of the high velocity movements. The DCD group did not differ from their controls in the number of small (0-0.5°) or medium (0.5-3°) high velocity shifts but did produce significantly more large (\3.0°) shifts away from and toward the target, t(30)= 2.95, PB 0.01; t(30)= 3.89, PB 0.001, respectively. The adults also produced fewer large and medium amplitude shifts than both the DCD and control groups. The PSD ratio was sensitive to the differences between the groups and was significantly Fig. 5 . Smooth pursuit gain versus corrected age in months for each premature child in the study, the labels correspond to Table 1 . The control group is plotted as mean gain against mean age with error bar showing the 95% confidence interval. 
Saccadic components in the response of the DCD and premature groups
Discussion
This study demonstrates that using relatively simple equipment it was possible to successfully record horizontal eye movements in a group of young children. It is clear that the control children were carrying out the pursuit task well and the findings provide some support for the claims of Kowler et al. [1] . The results do show, however, that it is possible to differentiate a group of children with DCD from a control group using eye movement recording (Fig. 3) . Moreover, the results also show that it is possible to observe subtle deficits of motor control in children born prematurely. The response lead/lag also provides a second level of appraisal. There was no evidence of a significantly greater signed lag which would have been indicative of general transmission or processing delays. There were, however, significantly larger unsigned lags for both the premature and DCD group which provides a measure of general synchronisation with the stimulus. Tracking a visual target with a latency less than 100 ms requires that the pursuit motion is based partially on a predictive estimate rather than purely in response to a retinal error signal. Hence the signed lag indicated that most of the premature and DCD children were attempting to use predictive tracking. The greater unsigned lag, however, indicates that their predictive model was poorly refined and, irrespective of whether their response was ahead or behind the stimulus, their synchronisation was poor. A difference in signed lag was evident between the respective control groups although there was no difference in unsigned lag, indicating that the former arose primarily from averaging across small sign differences. Finally, the pursuit response of both the DCD and premature populations was less smooth (based on the PSD ratio) than that of their controls, although there was no consistent pattern in the incidence of high velocity eye-movements. This suggests that both the DCD and premature children have yet to refine the kinematics of their smooth pursuit performance but there is no evidence to suggest that they are still at the level of saccadic tracking.
The variation in performance between the groups cannot be due to simple differences in vision. All of the children had undergone an ophthalmic examination prior to the recording and all had good levels of vision/visual acuity in the fixating eye [19] . Furthermore, the targets used were relatively large and would have been easily visible even with a reduction in retinal image quality. It is also important to address whether the reduced gain might be due to inattention, fatigue or lack of comprehension. Although it is very difficult to control for all of these factors, the data are not consistent with this explanation. Firstly, visual inspection of the tracking records confirmed that, despite their poor performance, all children were attempting to track the target. This is evident in a velocity gain of 0.54 for the DCD group rather than the 0-0.2 that might indicate a null response. Secondly, although the incidence of large high velocity shifts was higher in the DCD group than controls, the average incidence was 15 in a 30 s recording period, or once every 2 s. We estimated the average duration of each of the larger gaze shifts and this was 240 ms ( 9 14) for the DCD children and 320 ms ( 915) for the controls, hence the time spent looking 'offtarget' was equivalent. Given that the gain estimation procedure is robust against contamination by responses at different frequencies, this incidence of gaze shifts, or blinks, should not be problematic.
It is pertinent to consider the effect on perceptual development of reduced ocular-motor control in the children with DCD. The reduction in the smooth pursuit movements might be expected to make anticipatory judgements difficult for moving targets and problems with the interception of moving objects is one feature of some children with DCD. One should be wary, however, of proposing a causal link between ocular-motor control and more general motor impairment. The inability to intercept moving objects may have restricted the extent to which the children with DCD have attempted and refined their ability to visually track targets. Poor eye movements may be a contributory factor in poor motor co-ordination in dynamic contexts, but they may also be a consequence of differences in the developmental history of children with DCD. From the latter perspective, the differences in pursuit performance may be indicative of neural disturbance that results in co-ordination disorders, rather than being a major contributory factor to that disorder. It is also of interest to consider that children with ocular motor problems may exhibit difficulty with reading tasks. It has been observed that children classified as dyslexic may exhibit poor control of eye-movements [20] . It has also been observed that children with dyslexia may have poor motor co-ordination [21] . A parsimonious explanation of these findings is that children with co-ordination difficulties (DCD), may fall into the broad classification of dyslexia if they have problems with ocular motor control. We would argue, however, that this introduces confusion into the respective areas of study and the factors contributing to delayed reading performance need careful delineation.
The performance of the children with a history of prematurity was more commensurate with the view that these children had consolidated the basic skill of visual tracking, but had not refined the skill as well as their peers. Although the performance deficit was less marked than for the children with DCD, they did exhibit a reduced velocity gain and generally poor target synchronisation. This is in line with earlier observations of general developmental delays in premature children. It is also the case, however, that these children were just entering a formal school setting where the skill requirements increase. Although only two children from the group had low scores on the Movement ABC test, they may still encounter difficulties when they attempt more advanced co-ordination tasks, presented within a school curriculum, such as handwriting [22, 23] .
It is important to emphasise that DCD is a heterogeneous disorder and the extent to which the poor eye movements play a causal role in the impairment of skilled behaviour remains open to speculation. Although all of the children with DCD selected for this study demonstrated extreme motor impairment, the precise relationship between ocular-motor control and the degree of motor impairment remains unknown. There are no simple explanations of why DCD and/or premature children exhibit differing degrees of ocularmotor impairment. It is impossible to rule out the possibility that damage to the control centres has occurred within the nervous system, or that morphological differences exist between the muscle fibres in each group. Whatever the underlying cause of the ocularmotor deficit, these results show that the recording of eye movements in young children is a realistic proposition and may aid in the diagnosis of neurological disorder.
